Molecular mediators of angiogenesis in bladder cancer.
Bladder tumors are characterized by markedly increased angiogenesis when compared to the normal urothelium (NU) from which they are derived. Here, we use both cultured cells and immunohistochemistry to demonstrate a primary regulatory role for thrombospondin-1 (TSP-1), a potent inhibitor of angiogenesis, in the development of bladder tumor angiogenesis. Secretions from bladder cancer (CA) cells stimulated endothelial cell migration and corneal neovascularization, whereas those from NU cells were inhibitory. The antiangiogenic activity of NU cells was primarily due to secreted TSP-1 because neutralizing antibodies completely relieved the inhibition. Neutralizing antibodies to several putative angiogenesis inducers identified vascular endothelial growth factor (VEGF) and, to a lesser extent, basic fibroblast growth factor as the primary inducers secreted by bladder cancer cells. The secretion of TSP-1 by low- and high-grade cancer cells was reduced >94% when compared to NU cells, and this loss of inhibitory TSP-1 accounted for the development of an angiogenic phenotype because both NU cells and cancer cells secreted similar levels of total stimulatory activity and VEGF. Immunohistochemistry showed that TSP-1 was significantly reduced in all grades of bladder cancer when compared to NU, whereas VEGF staining remained relatively constant. Taken together, these data suggest that down-regulation of TSP-1 secretion is a key event in the switch from an antiangiogenic to an angiogenic phenotype, which occurs early in the development of bladder cancer.